it. The number of these gaps has been obtained by an experimental numerical test, and it has been shown that the amount of oxygen in the second molecular film would correspond to adsorption on the gaps in the first film. Other properties of these gaps are discussed, including their possible role in the diffusion of oxygen into tungsten, which has been observed in the experiments.
Using the accommodation coefficient of neon as an indicator, it has been shown that oxygen can be adsorbed at room temperature on a tungsten surface already covered with hydrogen. The bare tungsten surface was first covered with hydrogen so that the accommodation coefficient rose to 0-16. Oxygen was then introduced and after several admissions the accommodation coefficient rose to 0 -36.
This adsorption was investigated, using the apparatus for measuring heats of adsorption. The bare wire was completely covered with hydro gen. A charge of oxygen of 1-2 x 1014 moles was then admitted ( Table 1 of the previous paper). The deflection of the Paschen galvano meter showed that an amount of heat was developed in the wire of the same order as in admission 1, experiments I, II, and III in this table. At the same time the Pirani gauge showed a large deflection, in some cases slightly larger than would correspond to the total amount of oxygen in
the charge as determined later after all adsorption was completed. We thus have a large heat of adsorption of the same order as would corre spond to the adsorption of the complete charge on a bare tungsten surface, while at the same time the pressure measurements indicate no adsorption at all.
The only possible explanation of this is that the oxygen is adsorbed on the tungsten and throws the hydrogen off into the gas phase. The gas cannot be water vapour, as this would be taken up by the liquid air traps, the vapour pressure of ice at liquid air temperatures being quite negligible. The pressure developed when the oxygen was admitted corresponded to 0-9 X 1014 moles, assuming the gas to be hydrogen, and the total charge of oxygen was 1-2 x 1014 moles, so that roughly speaking each molecule of oxygen adsorbed throws off a molecule of hydrogen.* Since the hydrogen is adsorbed as atoms, it is difficult to visualize this process unless the oxygen is also adsorbed as atoms.
Consider the energy balance in this process. The measured heat of adsorption for the process is of the order 100 to 130 kilocalories per mol O a. The heat of desorption of hydrogen molecules (/.<?., the measured heat of adsorption) is about 20 kilocalories per mol H 2 for a covered surface. The total amount of heat, 120 to 150 kilocalories per mol, is of the order that can be made available by the adsorption of oxygen on tungsten. If, on the other hand, the hydrogen were thrown off as two separate atoms, the heat of desorptionf would be 120 kilocalories per mol H 2. Adding this to the measured heat of adsorption for the process, we obtain altogether 220 to 250 kilocalories per mol. This amount of heat cannot be made available by the adsorption of oxygen on tungsten. The hydrogen could only be thrown off as atoms if the heat of adsorption of an oxygen molecule on two neighbouring bare spaces completely surrounded by places occupied by hydrogen atoms were much greater Than that of oxygen on a bare surface. If this were so, the heat of adsorption of hydrogen on a surface partially covered with oxygen would be greater than that of hydrogen on a bare surface. This has been measured and has been shown, in fact, to be less than that on bare tungsten (the measured values were 20 to 30 kilocalories per mol H 2). We conclude, therefore, that the hydrogen must be thrown off as molecules and not as separate atoms, and also that the presence of hydrogen atoms in neigh bouring places on the surface diminishes the heat of adsorption of oxygen * It may be mentioned that the gas behaved like hydrogen and did not disappear slowly as oxygen always did.
t See p. 459. on bare tungsten atoms. It can further be concluded from this measure ment of the heat of adsorption of hydrogen on a surface nearly covered with oxygen that the dipoles for hydrogen-and oxygen-adsorbed atoms are of the same sign, i.e.,the binding of hydrogen to the tungsten surfa not similar to that of adsorbed films of the alkali metals. Measurement of the electrical properties of the hydrogen-adsorbed film will be interesting in this connexion.
In order to account for certain facts in connexion with the thermionic emission from composite surfaces Becker* has suggested that when the temperature is raised a tungsten-barium-oxygen surface stable at room temperature switches over into a tungsten-oxygen-barium surface (similarly with caesium substituted for barium ); but he pointed out that there is no direct evidence for this view. The present results may be held in a sense to provide by analogy such direct experimental evidence, since they show that oxygen can displace another substance which is adsorbed on tungsten. W hether the displaced substance remains ad sorbed on top of the oxygen or whether it is thrown right off, as in the present work, is a matter of detail.
Up to the present we have considered only the first admission of oxygen. The results obtained for the later admissions are difficult to interpret with certainty as the proportion of hydrogen to oxygen in the residual gas is not known. The analysis of this gas will be possible by combining an absolute manometer with the Pirani gauge. This apparatus is at present being made, and it is hoped that with it very soon definite evidence will be available as to the am ount of oxygen that can be adsorbed and the amount of hydrogen displaced; that is, it will be possible to see, for example, whether the state finally reached is one in which the surface is completely or almost completely covered with oxygen, or one in which the amounts of the two substances in the first film are of the same order. In either case the consideration of the formation of the film from the point of view of § 5 of the previous paper will give significant results. These will be discussed elsewhere.
At room temperature the displacement of hydrogen takes place extremely rapidly, and it is not possible to say whether or not the oxygen is first adsorbed on top of the hydrogen before the displacement occurs. The experiments with the new apparatus will be carried out at lower temperatures to see if a condition analogous to the tungsten-bariumoxygen surface can be found in which the oxygen is adsorbed and remains on top of the hydrogen and then, if the temperature is raised, displaces it. * Becker, ' Phys. Rev.,' vol. 34, p. 1325 (1929 .
2-The Behaviour of Hydrogen with a Surface Partially Covered with Oxygen
It has been mentioned in the preceding section that the heat of adsorp tion of hydrogen on a surface partially covered with oxygen has been measured. In carrying out these experiments an effect was observed which may be of importance from the point of view of the problem of activated adsorption. In several experiments, when the hydrogen was admitted after partially covering the surface with oxygen, the Pirani gauge showed that the whole amount was not adsorbed but that there was a small but appreciable amount of residual gas. The gauge showed that this gas gradually disappeared and this disappearance was fully confirmed by opening the system to the pumps after a few minutes, when no deflec tion of the gauge occurred, showing that the disappearance was complete.
A detailed quantitative study of this disappearance will be made with the new apparatus, but it may be said that, whatever the explanation may be, it can hardly fail to be of interest. It has already been mentioned in § 7 of the previous paper that diffusion of oxygen at room temperature from the first adsorbed layer cannot be completely excluded as a possibility. If this occurs, neighbouring gaps could be left on which hydrogen from the gas phase would be adsorbed. If this should be the process involved the quantitative study of the diffusion of oxygen would be considerably facilitated.
On the other hand, it is a striking thing that by covering or partially covering the tungsten surface with oxygen we have produced conditions under which phenomena are observed which are similar to the phenomenon of activated adsorption. Now it has already been shown* that the tungsten surfaces on which activated adsorption has been observed cannot initially have been bare tungsten. It is known, too, that activated adsorp tion occurs on various oxide surfaces. Taking these three points together, it seems legitimate to suggest tentatively that activated adsorption of hydrogen is connected with the interaction between hydrogen and surface oxygen, either adsorbed or forming an integral part of the solid lattice.
Summary
The adsorption of oxygen on a surface already covered with hydrogen has been studied and it has been shown that when an oxygen molecule is adsorbed a hydrogen molecule is thrown off. The behaviour of hydrogen in the presence of a surface partially covered with oxygen is also considered. The bearing of the results on the problem of activated adsorption is discussed.
